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     The present investigation was conducted to determine the effect of various 
concentrations of coconut water (CW) and casein hydrolysate (CH) on callus growth, 
somatic embryogenesis and subsequent germination of somatic embryos in date palm 
Bream cultivar and detecting genetic stability using RAPD markers. Apical bud  (2.0 cm) 
was excised, surface sterilized and  cultured on modified Murashige and Skoog 1962 (MS) 
medium supplemented with 50 mg/L Picloram  and 3.0 mg/L isopentenyladenine (2ip). 
Initial calli were transferred into a medium containing CW and CH. Callus growth was 
best achieved when 20% (v/v) CW was added giving a mean callus fresh weight of 1.95g 
compared with those supplemented with CH   at 2.0 g/L which recorded 1.7 g. However, 
CW was more effective in enhancing somatic embryogenesis. Results  showed  that  best  
somatic embryogenesis occurred  on  either 20%(v/v) CW or 2.0 g/L  CH  producing  65 and 
47 embryos per culture, respectively. The subsequent germination of somatic embryos 
was also enhanced after the addition of CW and CH to previous culture medium.  The 
highest percentage of embryo germination (76%) was achieved with 10% (v:v) CW and 
60% was achieved with 2 g/L CH while it was only 45% in the medium lacking CW and 
CH. The highest percentage of  embryo germination (76%) was achieved with 10% (v:v) 
CW and it reached 60% with 2 g/L CH while it was only 45% in the medium lacking CW 
and CH. Randomly  Amplified  Polymorphic   DNA (RAPD)  markers   conducted  in  this  
investigation  confirmed the  resemblance  among  the  tissue  culture  plantlets  as  well  
as with  donor tree.   
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Date palm (Phoenix dactylifera L.,     
2n = 2x = 36) is a dioecious, perennial, 
monocotyledonous fruit tree belongs to 
Arecaceae family, and is of a major socio-
economic importance in West Asia and 
Africa as a fruit tree and also as an 
ornamental plant (Morton 1987). The tree 
plays an important role in the development 
of sustainable agriculture in many drought 
and saline affected regions of the world 
(Wellmann et al. 2007, Kurup et al. 2009). 
Date palm has been cultivated for at least 
7,000 years and is believed to have 
originated in Mesopotamia (Wrigley 1995). 
Extensive efforts have been made to 
propagate date palms through tissue 
culture (Omar et al. 1992, Zaid and de Wet 
2002, Al-Khayri 2005). Generally, propa-
gation by either offshoots or tissue culture 
results in true-to-type plants but some off-
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types with abnormal phenotypes also have 
been reported in tissue cultured plants 
which may be due to somaclonal variations 
(Al-Wasel 1999). In vitro production of date 
palm via indirect organogenesis or somatic 
embryogenesis requires the application of 
relatively high concentrations of 2,4-D or 
NAA for the initiation process (Tisserat 
1979, Bhaskaran and Smith 1992). However, 
these auxins are known to be associated 
with genetic instability in plants (Phillips et 
al. 1994, Cullis 1999). The use of natural 
compounds instead of plant growth 
regulators in culture medium may reduce 
or omit the possibility of genetic instability 
in plants.  Organic  additives such as  casein  
hydrolysate  and  coconut  water  have been 
used  to  increase  embryogeneic callus  
growth  and  somatic embryogenesis in 
several plant species and date palm as well 
(Hegazy et al. 2009, Khayri  2010, 2011).  
Since long lived plants may develop 
mutants even in apical meristem 
(Klekowski 1985) and during the last few 
years, variations have been detected among 
in vitro date palm cultivars Barhi, Medjool 
and Khalas such as Dwarfism, delay in 
fruiting and fruiting set failure (McCubbin 
et al. 2004, Al-Kaabi et al. 2005).  All these 
cases would greatly affect the utilization of 
tissue culture techniques. Various 
techniques were used to confirm the true to 
typeness produced in vitro. Among the 
different techniques used in generating 
molecular markers, for direct detection of 
genomic variation at DNA level, Random 
Amplified Polymorphic DNA (RAPD) 
markers have been successfully used for the 
cultivar analysis and species identification 
in most plants, due to the technical 
simplicity and speed of the methodology 
(Bader  et al. 2007, Al-Khalifah and  Askari 
2007).  
The objective of the present study 
was to examine the effect of various 
concentrations of coconut water (CW) and 
casein hydrolysate (CH) on callus growth 
and somatic embryogenesis in date palm 
Bream cultivar employing PCR-RAPD 
markers for the early detection of genetic 
variations in date palm in vitro cultures. 
Materials and Methods 
Culture Initiation 
Young offshoots of date palm cv. 
Bream (2 – 3 years old) were chosen and 
detached from the mother tree. Offshoots 
were dissected acropetaly until the shoot 
tips appeared. Shoot tips of 3 cm (apical 
meristem with soft inner leaves) were 
excised with immature fiber 2 cm in 
diameter and then dipped in autioxidant 
solution consisted of 150 mg/L cirtic acid 
plus 100 mg/L ascorbic acid (Tisserat 1991). 
Explants were surface sterilized in 50% 
(v:v) commercial bleach (sodium 
hypochlorite) plus 300 mg/L KMNO4 
containing eight drops of  tween  20 as 
emulsifier for 20 minutes under vacuum, 
and rinsed three times with sterile distilled 
water. They were transferred to Petri dishes 
and all leaf primordia were removed except 
two pairs surrounding the apical meristem. 
The medium used in the initiation stage 
was composed of Murashige and Skoog 
1962 (MS) salts plus the following (mg/L): 
thiamine – HCl, 1.0; pyridoxine – HCl, 1.0; 
adenine sulfate 2H2O, 50; myo-inositol, 100; 
NaH2PO4. 2H2O, 170; glutamine, 200; 
sucrose, 30000 activated charcoal, 2500; 
polyvenypyroledone (PVP), 2000 and agar-
agar 7000. Callus initiation medium was 
supplemented with 50 mg/L Picloram and 
3.0 mg/L isopentenyladenine (2ip). The pH 
of the medium was adjusted to 5.7 with 0.1 
N NaOH or HCl, before the addition of 
agar. Media were heated until boiling and 
dispensed into 150×25 mm culture tubes 
with 25 ml each, then covered with 
aluminium plugs. All tubes with media 
were autoclaved at 121°C and 1.04 kg/cm² 
for 15 minutes. Apical meristems were 
divided longitudinally into four equal 
segments aseptically inside laminar air flow 
cabinet and cultured on callus initiation 
medium for 24 weeks and recultured at 4 
weeks intervals (Fig. 1-A and B). Initial calli 
were then inoculated into 250 ml 
polycarbonate jars containing 40 mL of 
embryogenic callus proliferation medium 
(Fig. 1-C). The medium consisted of MS 
salts with the same supplements described 
for callus induction medium for eight 
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weeks. Embryogenic calli were then 
transferred to MS medium containing 
various concentrations of coconut water (0, 
5, 10 or 20%) (v:v) or casein hydrolysate (0, 
0.5, 1.0, or 2.0 g/L)  after cytokinin 
exclusion.  Coconut water was prepared 
according to Al-Khayri (2010). Embryos 
germination percentage was recorded after 
4 weeks of transferring the globular embryo 
masses into to a medium containing 0.1 
mg/L NAA and 0.05 mg/L BAP.  All 
cultures were incubated in a culture room 
under low light intensity (1000 lux) for 16 
hours daily at 27 + 1°C for four weeks. Two 
subcultures at four week intervals were 
done and data were recorded. Ten 
replicates of each treatment were used. 
Data were subjected to analysis of variance 
(ANOVA) and the means were compared at 
5% significance level using least significant 
difference (LSD) test.  
 
RAPD analysis                                                                                             
Total DNA was extracted from 
germinating embryos (figure 3-F) according 
to Benito et al. (1993) with some 
modifications. RAPD analysis was carried 
out according to Williams et al. (1990) with 
a few modifications. A total of 12 random 
decamer primers (Operon Technologies 
Inc., Alameda, California, USA) were used 
for RAPD amplification. PCR reactions 
were carried out in 25 µl volume containing 
25 ng of total genomic DNA from each 
sample, 0.2 µl of a single primer, 100 mM of 
each dNTPs, 1X PCR buffer (10 mM Tris-
HCl pH 8.3, 50 mM KCl, 2 mM MgCl2) and 
1 unit DNA Taq polymerase (Roch, 
Mannheim, Germany, 1999). Amplification 
was performed using a thermocycler (PE 
9600) programmed for RAPD: 1 cycle at 
94ºC for 4 min, and 35 cycles with the 
following cycle profile:  1 min DNA 
denaturation step at 94 ºC, 2 min annealing 
step at 36 ºC, 2 min extension step at 72 ºC 
and last cycle at 72 ºC for 7 min, and an 
optional soak period at 4 ºC. Amplification 
products were loaded on 1% agarose gel 
and stained with ethidium bromide (0.5 
mg/ml). Amplification for each primer was 
performed at least twice and only 
reproducible products were taken. DNA 
was visualized on a UV transilluminators 
(Gel documentation system ATTO, Japan). 
Fragment lengths were estimated by 
comparison with standard size markers 
(100bp DNA Ladder).  
 
Results 
The role of coconut water and casein 
hydrolysate 
Addition of CW to the culture medium 
affected the proliferation of embryogenic 
callus. Results shown in table (1) indicate 
that the addition of CW increased 
significantly the both fresh and dry weight 
of embryogenic callus and the number of 
globular embryos as well. The highest fresh 
and dry weights were achieved at 20% of 
CW (1.95 and 0.48 g respectively). The same 
concentration gave the highest number of 
globular embryos (65 embryos). Results 
indicated that the addition of CH increased 
significantly both fresh and dry weight of 
embryogenic callus and the number of 
globular embryos as well (Table 2). The 
highest fresh and dry weights were 
achieved at 2.0 g/L of CH (1.70 and 0.43 g 
respectively). The same concentration gave 
the highest number of globular embryos 
(47embryos). The subsequent germination 
of somatic embryos was also affected by 
CW and CH added to the previous culture 
medium as shown in fig. 3-D.  The highest 
percentage of embryo germination (76%) 
was achieved with 10% (v:v) CW while it 
was only 45% in the medium lacking CW 
(figure 1). On the other hand, the addition 
of CH also increased embryo germination 
percentage. The highest percentage of 
embryo germination (60%) was achieved 
with 2 g/L CH while it was only 45% in CH 
free medium (fig. 3-E).  
 
Genetic stability of tissue culture-derived 
plants 
    A preliminary experiment was conducted 
to generate RAPD pattern with 12 primers 
to identify those that would be suitable in 
the present study to ensure reproducibility 
of RAPD marker data, the primers 
generating no or faint (nonreproducible) 
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bands were discarded (OPB.03 , OPB.05, 
OPC.08 and OPD.09). Eight primers 
showed clear and good amplification 
results. Most of them, about 7, generated 
monomorphic banding pattern for all 
samples tested (Fig. 2-a), while only one of 
the twelve primers (OPD.01) showed 
polymorphic banding pattern. (Fig. 2-b). 
The number of amplified fragments 
generated by these primers varied from 3 in 
OPE.03 to 8 in OPA.01 with an average of 
5.38 bands for each primer. Molecular 
weight of the scored bands ranged from 
0.48 kb to 4900 kb. Polymorphisms were 
detected by presence or absence and of 
amplified fragments for each primer used. 
As shown in figure 2 (b) there are genetic 
changes in the DNA amplification pattern 
by using OPA.01 primer for sample 2 (two 
polymorphic bands) and sample 9 (one 
polymorphic bands) when compared to the 
intact tree and other tested plantlets. Table 
3 summarized the genetic variation 
revealed by OPA.01 primer. 
 
Table 1.  Effect of CW on embryogenic callus fresh, dry weight and number of globular embryos 
for date palm cv. Bream 
Globular embryo .No Embryogenic Callus % 
Coconut water Dry weight  (g) Fresh weight (g) 
20 0.09 0.46 0 
46 0.24 1.14 5 
54 0.36 1.59 10 
56 0.48 1.95 20 
7.18 0.06 0.27 LSD (0.05) 
 
Table  2.  Effect of CH on embryogenic callus fresh, dry weight and number of globular embryos  
for date palm cv. Bream 
Globular embryo .No Embryogenic Callus Hydrolysate Casein 
(g/L) Dry weight  (g) Fresh weight (g) 
20 0.09 0.46 0 
33 0.13 0.94 0.5 
38 0.35 1.45 1.0 
47 0.43 1.70 2.0 
4.48 0.06 0.24 LSD (0.05) 
 
 
Figure 1. Effect of various concentrations of CW and CH on germination percentage of 
somatic embryos of date palm cv. Bream in vitro 
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The findings of this study indicated that 
genetic variations may exist in in vitro 
cultures of date palm derived plantlets even 
when natural products used instead of 
plant growth regulators in the culture 
media. Although plant tissue culture has 
been considered as a mean of vegetative 
propagation in which a rapid and identical 
(phonetically and genetically) clones are 
produced, somaclonal variations in some 
plant species may result from changes in 
nuclear, mitochondrial, chloroplast 
genomes, epigenetic variation as well. It is 
likely that this is a consequence of tissue 
culture and could have been induced in the 
callus production stage due to the use of 
high concentration of 2,4-D. These changes 
have been explained as the most suitable 
adaptation mechanism for the new 
environmental conditions exploiting the 
plasticity of the plant genome (Parfitt and 
Arulsekar, 1987). The probable causes 
include one or more of several processes 
such as changes in karyotype chromosome 
number, structure), point mutation, somatic 
crossing over, sister chromatid exchange, 
DNA methylation, activation of 
transposable elements and epigenetic 
variations (Brar  and  Jain 1998).  
Somaclonal variations can be characterized 
based on morphological, biochemical 
(isozymes) and DNA markers such as 
Randomly Amplified Polymorphic DNA 
(RAPDs), Restriction Fragment Length 
Polymorphism (RFLPs), Amplified 
Fragments Length polymorphism (AFLPs) 
and others (Brar and Jain 1998). DNA 
molecular markers have been successfully 
used to screen date palm plants derived 
from tissue culture and detecting genetic 
instability (Corniquel and Mercier 1994). 
RAPD technique has been reported to be 
useful for studying genetic variation in date 
palm (Sedra  et al., 1998) and the detection 
of genetic stability of tissue culture derived 
plants (Al-Khalifah and Askari 2007, Ali et 
al. 2007). In conclusion, inclusion of organic 
additives such as CW and CH to date palm 
culture medium improved callus growth 
and somatic embryogenesis. RAPD 
variations could be exist referring to genetic 
instability of tissue culture derived plants at 
early stages. 
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